Introduction
============

Diabetic macular edema (DME) is the primary cause of vision loss in diabetic retinopathy, which is the leading cause of blindness in individuals aged 20--70 years in developed countries.[@b1-opth-10-1257],[@b2-opth-10-1257] The global prevalence of diabetic retinopathy among diabetics is \~35% and DME is reported in 6.8% of diabetics.[@b3-opth-10-1257] A bilateral disease was reported in 33%--41.5% of patients with DME.[@b4-opth-10-1257],[@b5-opth-10-1257] According to the Early Treatment Diabetic Retinopathy Study, between 25% to 33% of eyes with clinically significant macular edema experience a visual loss of 15 letters or more within 3 years if left untreated.[@b6-opth-10-1257]

The pathophysiology of DME is a complex process initiated by hyperglycemia and leading to dilated capillaries and retinal microaneurysms.[@b7-opth-10-1257] Angiogenesis, inflammation, and oxidative stress contribute to the pathogenesis of DME.[@b8-opth-10-1257]--[@b10-opth-10-1257] The consequences are an impairment of the blood--retinal barrier, an increase of vascular permeability, and finally an accumulation of fluid in retinal tissue.[@b8-opth-10-1257],[@b10-opth-10-1257],[@b11-opth-10-1257] At early stages, vascular endothelial growth factor (VEGF) is the major driver of retinal changes, whereas in chronic DME, sustained inflammatory processes are primarily responsible.[@b12-opth-10-1257] Indeed, the breakdown of the vascular barrier and inflammatory processes induces an influx of macrophages and leukocytes, which are thought to play a role in the chronic inflammation of diabetic retinopathy.[@b13-opth-10-1257] A recent study demonstrated that the aqueous humor levels of some cytokines and chemokines associated with angiogenesis and inflammation (VEGF, interleukin \[IL\]-1β, IL-6, IL-8, monocyte chemoattractant protein-1, etc) were higher in patients with diabetic retinopathy and that the levels of all these cytokines, except VEGF, were closely correlated with the severity of diabetic retinopathy.[@b14-opth-10-1257] This suggests that anti-inflammatory agents with sustained action should be useful to control the inflammatory component of diabetic retinopathy and consequently to improve DME.[@b15-opth-10-1257]

Laser photocoagulation is the first treatment to have demonstrated its efficacy in the treatment of the visual loss related to DME.[@b15-opth-10-1257] Intravitreal injections of corticosteroids are also used, but they provide a short-term release of the active compound and repeated injections are needed.[@b15-opth-10-1257] More recently, intravitreal injections of anti-VEGF were approved for the same indication. The relative efficacy and safety of intravitreous aflibercept, bevacizumab, and ranibizumab in the treatment of DME was studied in the Diabetic Retinopathy Clinical Research Network protocol T. A gain of around 10 letters was obtained in the global population against monthly injections potentially difficult to manage in real life.[@b16-opth-10-1257] A recent meta-analysis suggested an increased risk for death and potentially for cerebrovascular accidents in patients with DME, who received 2 years of monthly treatment with anti-VEGF agents.[@b17-opth-10-1257]

Innovative biotechnological techniques and new polymers led to the development of new intravitreal drug delivery systems.[@b18-opth-10-1257],[@b19-opth-10-1257] Thus, the sustained-delivery fluocinolone acetonide (FAc) intravitreal implant (ILUVIEN^®^, Alimera Sciences, Inc., Alpharetta, GA, USA), has been approved for DME. The Fluocinolone Acetonide in Human Aqueous Study demonstrated the sustained-delivery of FAc over the course of a 36-month period with this drug.[@b20-opth-10-1257] Phase III trials demonstrated the efficacy of ILUVIEN with marked improvements in best-corrected visual acuity (BCVA) in patients with DME.[@b21-opth-10-1257],[@b22-opth-10-1257] Intravitreal delivery of corticosteroids requires regular monitoring for increased intraocular pressure (IOP) and cataract formation.

Although the FAc implant represents a new option in patients with chronic DME, there are limited data available on the real-life long-term use of ILUVIEN. Moreover, at the time the Phase III trials of ILUVIEN were conducted, anti-VEGF therapies were not approved and therefore were not yet a typical standard of care for treating DME. The present study assessed changes in central subfield thickness (CST) and BCVA following treatment with intravitreal FAc implant in chronic DME patients with insufficient response to previous treatments.

Materials and methods
=====================

Study design
------------

This was an open-label, single-center, Phase IV study of the efficacy and safety of FAc intravitreal implant (ILUVIEN) in chronic DME patients considered insufficiently responsive to laser and anti-VEGF treatment.

Patients aged ≥18 years were eligible to participate if they met the following criteria: DME based on investigator's clinical evaluation and demonstrated using fundoscopic photography and spectral domain optical coherence tomography; mean CST ≥350 μm in the study eye; vision impairment (20/60--20/400 using Snellen visual acuity equivalent) related to DME; patients considered as insufficiently responsive to prior therapy for DME as defined by the study physician. Two groups were defined in advance: group 1 included patients having received previous treatment in the study eye with laser photocoagulation for DME at least 3 months prior to the screening visit and no previous treatment with intraocular anti-VEGF therapy (anti-VEGF considered inappropriate); group 2 included patients previously treated in the study eye with laser photocoagulation for DME, including focal/grid and pan-retinal, at least 3 months prior to the screening visit and with past history of ≥3 monthly anti-VEGF treatments.

Patients were excluded if they met one of the following criteria in the study eye: IOP \>21 mmHg at screening; history of rise in IOP \>25 mmHg following treatment with an intravitreal corticosteroid; use of ≥2 active agents as IOP-lowering medications to control IOP at screening; tractional DME and media opacities; severe proliferative diabetic retinopathy requiring pan retinal photocoagulation; pregnant or breastfeeding women; diagnosis of active angiographic central vein ischemia prior to screening; pan-retinal photo-coagulation or cataract surgery within 3 months before inclusion; contraindications according to the current Summary of Product Characteristics;[@b23-opth-10-1257] pre-existing glaucoma; active or suspected ocular or periocular infection; and hypersensitivity to the active agent or to one of the excipients.

Written informed consent was obtained from each patient. The protocol was conducted in accordance with the Declaration of Helsinki and French law for biomedical research. The protocol was approved by the institutional ethics committee of Ile-de-France IV (Saint Louis, Paris, France). The study was registered with the Clinical Trials identifier NCT02472366. The trial was conducted from January 2014 to April 2015.

Study treatment
---------------

The implant is an injectable intraocular sustained-release drug delivery system for FAc preloaded into a one-time use sterile applicator. Each implant contains 0.19 mg of FAc as the active ingredient within a cylindrical polyimide tube measuring 3.5 mm long and 0.37 mm diameter. The implant is injected through the pars plana into the vitreous using the 25G applicator.

All patients received ILUVIEN 190 μg intravitreal implant with an initial release rate of 0.2 μg/day at inclusion visit. The implant was administered by injection according to the method of administration defined in the Summary of Product Characteristics.[@b23-opth-10-1257] Only one eye of each patient was treated with ILUVIEN, except for one patient in group 1. The other (nonstudy) eye received ocular treatments at the discretion of the investigator.

Visits and assessments
----------------------

Patient assessments were performed at screening, baseline, week 1, months 1, 3, 6, 9, and 12. Demographic, medical/ophthalmic history, and diabetes history were recorded at screening visit. Ophthalmic examination, including BCVA, IOP, spectral time-domain optical coherence tomography, slit lamp examination, and dilated ophthalmoscopy were performed at screening visit and at all follow-up visits. Fundus photography and diabetic retinopathy assessment were performed at screening visit, month 6, and month 12. Concomitant medications, ocular procedures, and adverse events were recorded during the follow-up visits.

Statistical analysis
--------------------

The total sample size was expected to be 20 patients. This sample size was considered to allow an adequate estimation of safety events.

The study was descriptive in nature and only exploratory analysis was conducted. All patients enrolled in intention-to-treat population who had a valid baseline assessment were analyzed. Mean CST and BCVA were compared at each visit with baseline values using Student's paired *t*-test. Mean change of the area under the curve from baseline to last value was calculated for BCVA using the trapezoidal rule divided by the total duration in days and a Student's paired *t*-test was used for comparison with baseline values for each group.

Safety variables were analyzed using the safety population that included data from all enrolled patients who received the FAc intravitreal implant.

The analyses were performed using SAS version 9.0 (SAS Institute, Inc., Cary, NC, USA). A *P*-value \<0.05 was considered to be significant.

Results
=======

Baseline characteristics of study patients
------------------------------------------

The demographics of patients (n=16) and baseline characteristics of study eyes (n=17) are described in [Table 1](#t1-opth-10-1257){ref-type="table"}. One patient in group 1 received the study drug in both eyes. Eyes with prior laser therapy only (group 1) had a longer median duration of DME than eyes with prior laser plus anti-VEGF (group 2): 7.6 versus 3.6 years. Six patients (86%) in group 1 and 8 patients (80%) in group 2 had been treated with intravitreal steroid injections previously. Twelve eyes were pseudophakic (7 in group 1 and 5 in group 2). All patients had been treated with macular laser and had diabetic retino pathy controlled by pan-retinal photocoagulation (except one patient in group 2).

At inclusion, the mean CST was 573 μm in group 1 and 701 μm in group 2. Mean BCVA at inclusion was comparable in both groups ([Table 1](#t1-opth-10-1257){ref-type="table"}).

Efficacy of FAc implants on macular edema and visual acuity
-----------------------------------------------------------

The macular edema significantly decreased in both groups as early as 1 week after intravitreal administration of the implant ([Table 2](#t2-opth-10-1257){ref-type="table"}). The mean change of CST was higher in group 1 compared with group 2. Thus, after 1 month, the mean change of CST was −239 μm in group 1 and −147 μm in group 2; at month 12, these changes were −299 and −251 μm, respectively. At month 12, patients of group 1 and group 2 achieved a mean value of CST at 274 μm (*P*=0.008) and 450 μm (*P*=0.016), respectively ([Figure 1](#f1-opth-10-1257){ref-type="fig"}).

The mean letter gain in BCVA score was +4.7 in group 1 and +4.4 in group 2 1 week after intravitreal injection of the study drug and improvement was maintained up to 12 months ([Table 2](#t2-opth-10-1257){ref-type="table"}). Eyes with an improvement of ≥5 letters at least once during the study were 4/7 in group 1 and 5/10 in group 2. Mean area under the curve from baseline to last value for pseudophakic eyes was +4.21 in group 1 and +9.54 in group 2 ([Table 2](#t2-opth-10-1257){ref-type="table"}).

Four patients also received top-up therapies. Three patients in group 2 received intravitreal injections of anti-VEGF followed for one patient by one dexamethasone implant (at days 69, 54, 332, and 342, respectively). One patient in group 1 received one triamcinolone injection (at day 116). This patient had a sustained visual gain until 8 months after receiving the rescue therapy and did not need any other adjuvant therapy. However, these patients did not show any significant BCVA gain after the additional therapies despite a gain in CST. The mean BCVA gain was increased in group 2 from +0.9 to +4.4 after excluding values post-rescue ([Figure 2](#f2-opth-10-1257){ref-type="fig"}).

All patients were pseudophakic except five patients included in group 2. The mean gain of BCVA in group 2 further increased to +9.4 letters in the five pseudophakic patients ([Figure 3](#f3-opth-10-1257){ref-type="fig"}). Two phakic patients had a loss of −23 and −24 letters of BCVA. Only one extraction of the cataract was performed during the study at month 7 followed by a gain of 13 letters at month 12 compared with baseline for this patient.

Safety
------

There was no death and no treatment discontinuation due to the study drug. No serious adverse event related to study drug was reported. Four serious adverse events unrelated to the study drug were reported in two patients (stroke, cataract surgery in study eye, cataract surgery in the fellow eye, and vitrectomy in the other eye).

Reported adverse events suspected to be related to study drug were all high IOP: one patient in group 1 (maximal IOP value: 32 mmHg at month 1) and two patients in group 2 (25 mmHg at month 3 and 28 mmHg at month 12). These three patients had their IOP well controlled by IOP-lowering eyedrops (group 1: triple-drug combination; group 2: two successive single drug treatments for one patient and two-drug combination for the other one). Mean IOP remained stable in both groups from baseline to month 12: from 15.3±2.7 to 16.8±3.5 mmHg in group 1 and from 15.5±2.5 to 18.2±4.7 mmHg in group 2.

Discussion
==========

The main objective of this study was to assess the efficacy and safety of FAc intravitreal implants in patients with chronic DME insufficiently responsive to prior macular laser and anti-VEGF therapy.

Two populations were analyzed in our trial: group 1 with chronic DME treated by laser and group 2 with anti-VEGF treatment added to the therapeutic armamentarium. At inclusion, the first population mainly comprised patients with a response to steroids that was not maintained; the second population comprised patients with recurrent edema despite at least three injections of anti-VEGF injected as loading dose.

At baseline, the mean CST was 573 μm in group 1 and 701 μm in group 2, indicating relatively severe edema. In Fluocinolone Acetonide for Macular Edema (FAME) studies (Phase III trials for efficacy and safety of FAc implant in DME patients), the mean CSTs of the three randomized groups at baseline were 451, 461, and 485 μm.[@b21-opth-10-1257],[@b22-opth-10-1257] In our study, at month 1, the mean decrease of CST was −239 μm in group 1 and was −147 μm in group 2. This decrease was rapid and a significant benefit on macular edema was obtained as early as 1 week after the injection of the study drug. Eyes of group 1 had a mean CST of 573 μm at baseline and achieved a mean value of 274 μm at month 12 to be compared with \<250 μm, which is the mean thickness of the retina considered as normal or near-normal; eyes of group 2 achieved a mean CST of 450 μm at month 12. In the study by Bressler et al[@b24-opth-10-1257] that assessed the factors associated with changes in BCVA and CST in DME eyes treated with ranibizumab, eyes with a greater CST at baseline were more likely to achieve greater reduction, but less likely to reach \<250 μm.

In contrast with the anatomical improvements, the benefit in BCVA letter score was more limited and heterogeneous, some patients achieving high improvements of visual acuity, whereas others were not improved. The mean improvement of BCVA letter score (excluding values post-rescue) was +4.9 in group 1 and +4.4 in group 2 after 1 year. This last parameter in group 2 achieved +8.2 in pseudophakic patients only (n=5).

As a consequence, there was no clear correlation at the individual level between improvement of visual acuity and decrease of macular edema. This was particularly obvious in group 1, which included only pseudophakic eyes: the large decrease of the CST was not translated in terms of visual acuity. A low correlation between CST and visual acuity is frequent in diabetes.[@b25-opth-10-1257] This discordance is also observed after intravitreal injections of treatments in diabetic patients. Indeed, a long duration of macular edema and its consequences, such as atrophy of the external layers of the retina, makes it difficult to achieve a functional improvement.[@b26-opth-10-1257]--[@b28-opth-10-1257] In a recent paper, a correlation between ganglion cell layer thinning and poor visual function after resolution of DME was reported.[@b29-opth-10-1257] Microperimetry may be more sensitive than BCVA to evaluate functional response after intravitreal therapy in DME.[@b30-opth-10-1257],[@b31-opth-10-1257] The study by Dubois-Roussel et al[@b32-opth-10-1257] found that more than half of patients with DME treated with the FAc implant with a favorable anatomic response, but poor visual acuity gain, showed nevertheless an improvement in stability of the fixation point. These results suggest that patients treated with FAc implants could achieve better visual performances than expected according to scores of BCVA alone.

Our study has some limitations that are related in part to its observational design and the small number of patients. The patients were not randomized and there was no comparison with reference treatment or sham group. Moreover, the study allowed the physicians to modify the treatment if they considered that the disease progressed. Thus, four eyes also received other therapies. The analysis without post-additional therapies values allowed assessing the specific effect of the FAc intravitreal implant. These characteristics, together with the low numbers of patients, are certainly limitations to this study. Nevertheless, the present study is the first to report prospective data on efficacy and safety of FAc intravitreal implants in patients with prior anti-VEGF treatment and in patients who could not receive anti-VEGF treatment. Indeed, patients initially treated with anti-VEGF have not been assessed in the FAME studies. Results comparable to ours were recently reported by Schmit-Eilenberger[@b33-opth-10-1257] from retrospective registry data in 10 DME patient population (15 eyes) that were refractory to other therapies and treated with the 190 μg FAc implant.

The FAc implant was well tolerated in all patients of our study. Only 1 eye out of 17 achieved IOP ≥30 mmHg. High IOP was reported as adverse event suspected to be related to study drug in three patients; all three events were well controlled by medical treatment. In the FAME study, 38.4% of patients receiving the FAc implant (0.2 μg/day) received IOP-lowering medication and 18.4% experienced an increase in IOP \>30 mmHg.[@b21-opth-10-1257] In our study, the patients with a previous history of intravitreal corticosteroid treatment followed by a rise in IOP \>25 mmHg were excluded (14/17 patients had received prior intravitreal corticosteroid). Thus, a careful selection of patients appears to improve safety of sustained-delivery FAc intravitreal implants.

Better results in terms of CST were obtained in group 1 compared with group 2, which had worse BCVA, worse CST, and more anti-VEGF injections. Therefore, these results are in favor of an earlier use of the FAc implant in selected patients. Indeed, reduction of CST during the first year of treatment is associated with better visual outcomes.[@b24-opth-10-1257] Earlier use of the FAc intravitreal implant is also supported by the recent analyses of Downey and Chakravarthy,[@b34-opth-10-1257] with results supporting corticosteroid therapy in patients with chronic diabetic macular edema regardless of baseline visual acuity.

Conclusion
==========

In this population of difficult-to-treat patients with severe DME, a rapid and sustained improvement of macular edema was obtained after treatment with FAc intravitreal implant. Pseudophakic patients had a clinically significant gain of visual activity 1 year after injection. Therefore, this study confirms the efficacy of the FAc implant in DME patients insufficiently responsive to laser and anti-VEGF. Moreover, the safety data support its earlier use in patients after insufficient response to anti-VEGF and already known to be tolerant to corticosteroids.
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![Evolution of central subfield thickness after intravitreal insertion of FAc implant. *P*-values are for comparison with baseline value.\
**Abbreviations:** FAc, fluocinolone acetonide; VEGF, vascular endothelial growth factor.](opth-10-1257Fig1){#f1-opth-10-1257}

![Mean gain of visual acuity after 1 year of treatment after intravitreal insertion of FAc implant (intention-to-treat population with LOCF).\
**Abbreviations:** FAc, fluocinolone acetonide; BCVA, best-corrected visual acuity; LOCF, last observation carried forward.](opth-10-1257Fig2){#f2-opth-10-1257}

![Mean gain of visual acuity during study in pseudophakic patients (intention-to-treat population).\
**Abbreviations:** BCVA, best-corrected visual acuity; VEGF, vascular endothelial growth factor.](opth-10-1257Fig3){#f3-opth-10-1257}

###### 

Demographics and baseline characteristics of study patients and eyes

  Characteristics                                  Group 1, prior laser only   Group 2, prior laser and anti-VEGF
  ------------------------------------------------ --------------------------- ------------------------------------
  Patients, n                                      6                           10
   Age, years, median (range)                      67 (55--81)                 64 (39--75)
   Male sex, n (%)                                 4 (66)                      5 (50)
   Type 2 diabetes, n (%)                          5 (83)                      7 (70)
   HbA1c, %, mean (SD)                             8.2 (1.2)                   8.1 (1.6)
  Eyes, n                                          7                           10
   Right study eye, n (%)                          4 (57)                      6 (60)
   Pseudophakic lens status, n (%)                 7 (100)                     5 (50)
   Duration of DME, years, median (range)          7.6 (3.2--11.6)             3.6 (0.9--9.7)
   Prior intravitreal corticosteroid, n (%)        6 (86)                      8 (80)
   BCVA, mean (SD), letters                        47.7 (10.1)                 44.8 (12.2)
   BCVA Snellen, median (range)                    20/100 (20/200--20/63)      20/125 (20/320--20/63)
   CST, mean (SD), μm                              573 (103)                   701 (205)
   Corneal thickness, mean (SD), μm                550.6 (39.7)                548.4 (52.6)
   Diabetic retinopathy severity, n (%)                                        
    Severe nonproliferative diabetic retinopathy   0                           1 (10)
    Laser (pan-retinal photocoagulation)           7 (100)                     9 (90)

**Abbreviations:** BCVA, best-corrected visual acuity; CST, center subfield thickness; DME, diabetic macular edema; HbA1c, hemoglobin A1c; VEGF, vascular endothelial growth factor; SD, standard deviation.

###### 

Efficacy results for CST and BCVA at defined times after insertion of the fluocinolone acetate implant (intention-to-treat population)

  Study visits                                                     Group 1, prior laser only (n=7 eyes)   Group 2, prior laser and anti-VEGF (n =10 eyes)                   
  ---------------------------------------------------------------- -------------------------------------- ------------------------------------------------- --------------- -------
  Week 1                                                                                                                                                                    
   CST, μm                                                         −156 (58)                              \<0.001                                           −110 (114)      0.013
   BCVA score, letters                                             +4.7 (4.7)                             0.037                                             +4.4 (11.4)     0.255
  Month 1                                                                                                                                                                   
   CST, μm                                                         −239 (77)                              \<0.001                                           −147 (196)      0.042
   BCVA score, letters                                             +2.0 (5.9)                             0.408                                             +6.4 (11.8)     0.120
  Month 3                                                                                                                                                                   
   CST, μm                                                         −227 (145)                             0.006                                             −167 (208)      0.032
   BCVA score, letters                                             +3.7 (6.1)                             0.158                                             +7.8 (12.4)     0.077
  Month 6                                                                                                                                                                   
   CST, μm                                                         −281 (202)                             0.010                                             −167 (249)      0.062
   BCVA score, letters                                             +4.3 (5.5)                             0.085                                             +4.8 (13.5)     0.291
  Month 9                                                                                                                                                                   
   CST, μm                                                         −295 (206)                             0.009                                             −172 (235)      0.046
   BCVA score, letters                                             +5.3 (7.0)                             0.091                                             0.4 (5.1)       0.939
  Month 12                                                                                                                                                                  
   CST, μm                                                         −299 (206)                             0.008                                             −251 (269)      0.016
   BCVA score, letters                                             +5.6 (8.7)                             0.141                                             +0.9 (15.8)     0.861
  AUC~0--last~, letters                                                                                                                                                     
   All eyes                                                        +4.21 (5.77)                           0.102                                             +3.97 (12.07)   0.326
   Pseudophakic eyes[b](#tfn3-opth-10-1257){ref-type="table-fn"}   +4.21 (5.77)                           0.102                                             +9.54 (6.65)    0.225

**Notes:**

Compared with baseline value (Student's *t*-test) for paired values.

n=7 for group 1 and n=5 for group 2.

**Abbreviations:** AUC0--last, area under the curve from baseline to last value; BCVA, best-corrected visual acuity; CST, central subfield thickness; VEGF, vascular endothelial growth factor.
